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THAT WHICH IS CLAIMED IS: 




1 . A capacitor having a dielectric structure comprising: 
a silicon carbide layer 

a jftret oxide layer having a first thickness on the silicon carbide layer; 
, a layerW dielectric material on the first oxide layer and having a second 
thickness, the layerN^f dielectric material having a dielectric constant higher than the 
dielectric constant of tnfesfirst oxide layer; 

a second oxide layer&n the layer of dielectric material opposite the first oxide 
layer and having a third thickness^ 
10 wherein the first thickness j& tiikween about'0.5 and about 33 percent and the 

second thickness is between abcuf O.Sy&id^wUt 33 percent cf the sum of the first, 
second and third thicknesses. 

2. The capacitor of Claim 1, further comprise 
15 a first metal layer on the first oxide layer opposite the Htyer of dielectric 

material and disposed between the first oxide layer and the silicon cfcrtnde layer; and 

a second metal layer on the second oxide layer opposite the hignHi^lectric 
layer so as to provide a me tal-insulator-metal (MIM) capacitor. 

20 3. The capacitor of Claim 2, wherein the first oxide layer and the second 

oxide layer comprise silicon dioxide and wherein the layer of dielectric material 
comprises at least one of silicon nitride and silicon oxynitride. 

4. The capacitor of Claim 3, wherein the first thickness and the third 

25 thickness are at least about one order of magnitude smaller than the second thickness. 

5. The capacitor of Claim 3, wherein the first thickness is from about 10 
to about 30 nm, the second thickness is from about 200 to about 300 nm and the third 
thickness is from about 10 to about 30 nm. 
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6. The capacitor of Claim 3, wherein at least one of the first oxide layer, 
the second oxide layer and the layer of dielectric material are configured so that the 
dielectric structure has a mean time to failure versus voltage characteristic which has 
a greater slope than a corresponding MIM capacitor with only a nitride dielectric. 
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7. The capacitor of Claim 3, wherein the silicon dioxide layers and the 
silicon nitride layer are deposited layers. 

5 8. The capacitor of Claim 2, wherein at least one of the first oxide layer, 

the second oxide layer and the layer of dielectric material are configured to provide a 
mean time to failure of at least about 10 7 hours at a voltage of greater than about 50 
volts and a temperature of at least about 100 °C. 

10 9. The capacitor of Claim 8, wherein at least one of the first oxide layer, 

the second oxide layer and the layer of dielectric material are configured to provide a 
mean time failure of at least about 10 7 hours at a voltage of greater than about 100 
volts and a temperature of at least about 100 °C. 

15 10. The capacitor of Claim 2, wherein the first and second metal layers 

comprise at least one of titanium, platinum, chromium and gold. 

1 1 . The capacitor of Claim 2, further comprising a silicon carbide substrate 
on which the capacitor is formed. 
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IT. TReirapaeitQr^of Claim 11, further comprising a plurality of 
semiconductor devices formed in the silicon carbide substrate. 



13^ A high mean time to failure interconnection structure for an integrated 
25 circuit, comprising: ~ /\ 

a plurality of semiconductor devices in a^substrate; 

an insulating layer on the plurality of semiconductor devices; 

a first interconnect layer having a plurality of regions of interconnection metal, 
on the insulating layer opposite the plurality of semiconductor devices; 
30 a first layer of oxide on the first interconnect layer so as to cover at least a 

portion of the plurality of regions of interconnection metal; 

a layer of dielectric material on the first layer of oxide opposite the first 
interconnect layer and having a dielectric constant higher than a dielectric constant of 
the first oxide layer; 
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a second layer of oxide on the layer of dielectric material opposite the first 
layer of oxide; and 

a second interconnect layer on the second layer of oxide opposite the layer of 
dielectric material and having a plurality of regions of interconnection metal. 

5 

14. The interconnection structure of Claim 13, wherein the first oxide layer 
and the second oxide layer comprise silicon dioxide layer and wherein the layer of 
dielectric material comprises silicon nitride. 

10 15. The interconnection structure of Claim 14, wherein the first oxide layer 

has a thickness of from about 10 to about 30 rim, the layer of dielectric material has a 
thickness of from about 200 to about 300 nm and the second oxide layer has a 
thickness of from about 10 to about 30 nm. 



15 16. The interconnection structure of Claim 1 3, wherein the first oxide layer 

has a first thickness, the layer of dielectric material has a second thickness and the 
second oxide layer has a third thickness and wherein the first thickness and the third 
thickness are at least about one order of magnitude smaller than the second thickness. 

20 17. The interconnection structure of Claim 16, wherein at least one of the 

first oxide layer, the second oxide layer and the layer of dielectric material are 
configured to provide a mean time to failure versus voltage characteristic which has a 
greater slope than a corresponding nitride inter-metal dielectric. 

25 18. The interconnection structure of Claim 14, wherein the silicon dioxide 

layers and the silicon nitride layer are deposited layers. 

19. The interconnection structured Claim 13, wherein at least one of the 
first oxide layer, the second oxide layer and the layer of dielectric material are 

30 configured to provide a mean time to failure of at least about 10 7 hours at a voltage of 
greater than about 50 volts and a temperature of at least about 100 °C. 

20. The interconnection structure of Claim 19, wherein at least one of the 
first oxide layer, the second oxide layer and the layer of dielectric material are 
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configured to provide a mean time failure of at least about 1 0 7 hours at a voltage of 
greater than about 100 volts and a temperature of 150 °C. 

21. The interconnection structure of Claim 13, wherein the interconnect 
5 metal of the first and second interconnect layers comprise at least one of titanium, 
platinum, chromium and gold. 
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12. ^ method of fabricating a capacitor, comprising: 

depositing a first oxide layer on a first metal layer so as to provide a first oxide 
layer having a first\hickness; 

depositing a layer of dielectric material on the first oxide layer to provide a 
high dielectric layer having a second thickness, the layer of dielectric material having 
a dielectric constant hignfer than the dielectric constant of the first oxide layer; 

depositing a seconospxide layer on the layer of dielectric material opposite the 
first oxide layer to provide a\econd oxide layer having a third thickness; 
forming a second metardayer on the second oxide layer; and 
wherein the first thicknesses between about 0.5 and about 33 percent and the 
second thickness is between about \5 and about 33 percent of the sum of the first, 
second and third thicknesses. 

23. The method of Claim 22,Yherein the first oxide layer and the second 
oxide layer comprise silicon dioxide layers^n^ wherein the nitride layer comprises a 
silicon nitride layer. 



25 24. The method of Claim 22, wherein\he first thickness and the third 

thickness are at least about one order of magnitudeWialler than the second thickness. 
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25. The method of Claim 22, wherein the first thickness is from about 10 
to about 30 nm, the second thickness is from about 200 t\ about 300 nm and the third 
thickness is from about 10 to about 30 nm. 



26. The method of Claim 22, wherein the first and stecond metal layers 
comprise at least one of titanium, platinum, chromium and gold. 
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A method of fabricating an interconnection structure for an integrated 
circuit, comprising: 

forming a plurality of semiconductor devices in a substrate; 
forming an insularang layer on the plurality of semiconductor devices; 
5 forming a first interconnect layer having a plurality of regions of 

interconnection metal on th^ insulating layer opposite the plurality of semiconductor 
devices; 

depositing a first layer* of oxide on the first interconnect layer so as to cover at 
least a portion of the plurality ©f regions of interconnection metal; 
10 depositing a high dielectric layer on the first layer of oxide opposite the first 

interconnect layer; 

depositing a second layer \>f oxide on the high dielectric layer opposite the 
first layer of oxide; 

forming a second interconnect layer on the second layer of oxide opposite the 
15 high dielectric layer and having a plurality of regions of interconnection metal; and 
wherein the first layer of oxide, the high dielectric layer and the second layer 
of oxide are disposed between corresponding ones of the plurality of regions of 
interconnection metal of the first interconnect layer and the plurality of regions of 
interconnection metal of the second ir^^conrj^ct layer so as to provide an inter-metal 
20 dielectric structure. 

28. The method of Claim 27, wherein the first oxide layer and the second 
oxide layer comprise silicon dioxide layers \nd wherein the nitride layer comprises a 
silicon nitride layer. 



29. The method of Claim 28, wherein the first oxide layer has a thickness 
of from about 10 to about 30 nm, the high dielectric layer has a thickness of from 
about 200 to about 300 nm and the second oxide\layer has a thickness of from about 
10 to about 30 nm. 

30. The method of Claim 27, wherein the first oxide layer has a first 
thickness, the high dielectric layer has a second thiclmess and the second oxide layer 
has a third thickness and wherein the first thickness and the third thickness are at least 
about one order of magnitude smaller than the second thickness. 
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The method of Claim 27, wherein the interconnect metal of the first 




and second interconne 
chromium and gold 



mes at least one of titanium, platinum, 
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A capacitor comprising: 
a silicon < 

a layer of dielectric materiM^a^^the^licon carbide layer, the layer of dielectric 
material comprising silicon oxynitride h&vpg^^rmula Si3N 4 -xO x > where 0<X<1; 

a first metal layer on the layer of dielectric mafeiial^ppposite the silicon 
carbide layer. 



JThe capacitor of Claim 32, further cgpa^rising a second metal layer on 

fer of dielectric material 



the layer of dielectric material and disposed~betwd 
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1 5 and the silicon carbide layer so as to provide a metal-insulator-metal (MIM) capacitor. 
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The capacitor of Claim wherein the layer of dielectric material is 
configured so that the dielectric structure has a mean time to failure versus voltage 
characteristic which has a greater slope than a corresponding MIM capacitor with 
only a nitride dielectric. 

367 The capacitor of Claim jJ5, wherein the silicon oxynitride of the layer 
of dielectric material is a deposited layer. 
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The capacitor of Claim^Cwherein the layer of dielectric material is 
configured to provide a mean time to failure of at least about 1 0 7 hours at a voltage of 
greater than about 50 volts and a temperature of at least about 100 °C. 

ay 

3?l The capacitor of Claim wherein the layer of dielectric material is 
configured to provide a mean time failure of at least about 10 7 hours at a voltage of 
greater than about 100 volts and a temperature of at least about 100 °C. 

3#. The capacitor of Claim 33; wherein the first and second metal layers 
comprise at least one of titanium, platinum, chromium and gold. 
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jpf- The capacitor of Clairu<3^ further comprising a plurality of 
semiconductor devices formed in the silicon carbide layer. 

5 ^CfT A^high mean time to failure interconnection structure for an integrated 

circuit, comprising: 

a plurality of semiconductor devices in a silicon carbide substrate; 
an insulating layer on the plurality of semiconductor devices; 
a first interconnect layer having a plurality of regions of interconnection metal 
10 on the insulating layer opposite the plurality of semiconductor devices; 

a layer of dielectric material on the first layer of oxide opposite the first 
interconnect layer, the layer of dielectric material comprising silicon oxynitride 
having a formula Si3N4-xOx, where 0<X<1; 

a second interconnect layer on the layer of dielectric material opposite the first 
15 interconnect layer and having a plurality of regions of interconnection metal. 

^ ft 

f\ . The interconnection structure of Claim ^K), wherein the layer of 
dielectric material has a thickness of from about 20 nm to about 400 nm. 

20 42. The interconnection structure of Claim #0, wherein the layer of 

dielectric material is configured to provide a mean time to failure versus voltage 
characteristic which has a greater slope than a corresponding nitride inter-metal 
dielectric. 

25 43f. The interconnection structure of Claim 4jd, wherein the layer of 

dielectric material is a deposited layer of silicon oxynitride. 

44. The interconnection structure of Claim ^5, wherein the layer of 
dielectric material is configured to provide a mean time to failure of at least about 10 7 
30 hours at a voltage of greater than about 50 volts and a temperature of at least about 
100 °C. 



35 



10 



Ket 




The interconnection structure of Claim^T, wherein the layer of 
dielectric material is configured to provide a mean time failure of at least about 10 7 
hours at a voltage of greater than about 100 volts and a temperature of 150 °C. 

-^k>. The interconnection structure of Claim 4&f wherein the interconnect 
metal of the first and second interconnect layers comprise at least one of titanium, 
platinum, chromium and gold. 



A method of fabricating a capacitor, comprising: 
depoSKmg a layer of silicon oxynitride having a formula Si3N4_xOx, where 
0<X<1, on a silicJ&n carbide layer so as to provide a layer of dielectric material 
having a first thicknes&%and 

forming a first metakJayer on the layer of silicon oxynitride. 



15 48. The method of ClaimNJ, further comprising forming a second metal 

layer disposed between the layer of silicoh^xywitride and the silicon carbide layer. 



49. The method of Claim 47, wherein th^first thickness is from about 20 
nm to about 400 nm. 

50. The method of Claim 48, wherein the first and sebqpd metal layers 
comprise at least one of titanium, platinum, chromium and gold. 
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51. The method of Claim 47, wherein depositing a^ilicon oxynitride layer 
25 having a formula Si 3 N 4 -xO x , where 0<X<1 comprises: 
providing a silicon precursor; 
providing a nitrogen precursor; 
providing an oxygen precursor; and 

depositing the layer of silicon oxynitriti^ utilizing the silicon precursor, the 
30 nitrogen precursor and the oxygen precursoj/uti4izing a plasma enhanced chemical 
vapor deposition (PECVD) process. 



52. The method of Claim/51, wherein the silicon precursor comprises 
SiH4, the oxygen precursor comprises N2O and the nitrogen precursor comprises N2. 
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55. The method of Claim 54,1 



at a flow rate of from about 1 60 to abouir240 SCCM 




53. The method of Claim 52, wherein the SiH 4 is/provided at a flow rate of 
from about 240 to about 360 standard cubic centimeters per minute (SCCM), the N 2 0 
is provided at a flow rate of from about 8 to about 12 SCtCM and the N 2 is provided at 
a flow rate of from about 120 to about 180 SCCM foi/a PECVD apparatus having a 
volume of about 14785 cubic centimeters. 

54. The method of Claim 53, furthe/ comprising providing an inert gas 



the inert gas comprises He provided 
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56. The method of Claim/53, wherein the PECVD process is carried out at 
a power of from about 16 to about/24 watts, a pressure of from about 720 to 1080 mT 
15 and a temperature of from about^OO to 300 °C. 
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